Introduction
Pityrogramma trifoliata (L.) Tryon is a tropical American fern of wide geographical distribution (Mexico to temperate South America and the Carribean Islands) and ample amplitudinal range, being found from sea level up to 2000 m elevation. It grows preferably in marshy areas with low herbace ous vegetation such as road ditches, river banks and open Fields, fully exposed to sunlight. Like most other sun ferns, it is resistant to long periods of desiccation. While other species suffer from greater herbivore pressure during such a period of stress, it shows no signs of being subject to predatory activity (as is also the case of other Pityrogramma species). P. trifoliata thrives in lixiviated lateritic soils and in sandy alluvial deposits, and is commonly associated with Nephrolepis, Equisetum, and Selaginella, as well as with other members of the genus, such as P. tartarea, P.ferruginea, P. calomelanos. With the latter two species it crosses to produce hybrids which, like P. trifoliata, form clonal populations by means of stolons.
Reprint requests to Doz. Dr. E. W ollenweber. 0341-0382/80/0100-0036 $ 0 1 .0 0 /0 P. trifoliata with its usually 1-to 4-foliate pinnae (cf. [1] ) is rather different in its frond morphology from the other species. Therefore it is treated by some authors as Trismeria trifoliata (L.) Diels. The plants are usually large -fronds measuring up to 2 m in length -and vary in general habit according to the presence or absence of fertile fronds. Produced between August and December, fertile fronds are longer than the sterile fronds and have the upper pinnae somewhat contracted and covered on the dorsal surface by a farinose indument, thus produc ing a slight case of leaf dimorphism.
In the scope of investigations on flavonoid exu dates in gymnogrammoid ferns (see [2] ), the farina of this species has been studied for its chemical com position. As has been shown already elsewhere [3] , the major constituent in most samples seen is 2', 6'-diOH,4'-OMe dihydrochalcone, sometimes accom panied by varying amounts of 2/,6/-diOH, 4', 4-diOMe dihydrochalcone. These flavonoids usually form white farinas [2] , The indument of P. trifoliata, however, often appears slightly yellowish. This tint is due to the presence of minor constituents, provi sionally called T-l, T-2, and T-3. From bulk material of population collections we have succeeded in isolating T-l and T-2 in sufficient amounts for structural analysis by spectroscopic methods. In the present paper we report on the structural identifica tion of these compounds, which are representatives of a novel class of flavonoids.
Materials and Methods
Farinose pinnae of fertile fronds of Pityrogramma trifoliata were collected in their natural habitat in Costa Rica in 1977 and thoroughly air-dried. Vouch ers are kept at the Museo National de Costa Rica at San Jose (CR 6783 -6785 and 6792). The dry ma terial was rinsed with acetone to dissolve the farinose exudate and the solution was taken to dryness under reduced pressure. The yellow solid material was treated with boiling benzene which dissolved most of it. From the concentrated solution thus obtained a good deal of the dihydrochalcone crystallized on cooling. The remaining solution was chromato graphed over several columns with polyamide (Poly amid SC-6, Macherey & Nagel, Düren) by elution with toluene and increasing quantities of methylethyl-ketone and methanol. Compound T-l was ob tained in several fractions together with traces of other flavonoids. These fractions were combined and taken to dryness. T-l could be purified by crystal lization from boiling ethanol to form deep yellow needles, m. p. 207 -208 °C.
T-2 was present mostly in the material that was not soluble in benzene, and also in some fractions of the previous procedure. These samples were combined and dried onto silica gel (Kieselgel N, Macherey & Nagel). This was placed on top of a column packed with silica gel and eluted as described above. Those fractions containing T-2 were combined and dried again, then redissolved in methanol and further purified by passing over Sephadex LH-20 (Phar macia). The material thus obtained was dissolved in boiling acetone and toluene was added. After evapo ration of the acetone and cooling to room tempera ture, T-2 precipitated as an orange-yellow crystal line powder, m. p. 172 °C.
Fractions containing trace amounts of T-3 were combined and chromatographed over polyamide once more, yielding a still rather unpure product, which was subjected to preparative TLC on silica gel (SIL-GUR 25, Macherey & Nagel; solvent: toluene/ace tone/ethanol 9 : 1 : 2 , two runs) and finally on poly amide (solvent: toluene/methylethyl-ketone/meth anol 60 : 15 : 15). Because of the very small amount obtained, T-3 could not be crystallized; the material was just sufficient for running UV spectra and MS. An attempt to purify further a minute amount by a passage over Sephadex LH-20 led to complete loss of the sample.
T-l and T-2 were reduced at room temperature in ethanol with Pd/C catalysator. Cyclisation was per formed by boiling the solution of the substances in aqueous methanol with HC1 under reflux for 2 h. Silylation was done by action of BSTFA (+ 1% TMCS) in pyridine.
Results and Discussion
The substances under investigation exhibit the chromatographic properties shown in Table I to gether with those of 2',6'-diOH,4'-OMe dihydro chalcone, the major constituent.
Compound T-l is the most important of these minor farina components, but T-3 produces the most remarkable spot on chromatograms because of its intense red colour in UV-light after spraying with "Naturstoffreagenz A". It can thus seem to indicate a reasonable amount of material, whilst in reality only minute amounts are present.
The UV-spectral data of these new compounds as well as those of some known chalcones are presented in Table II . MS and PMR data are listened in Table III .
T-l exhibits the typical UV-spectrum of a chalcone. M+ at m /e 386 and M+ of its TMSi-derivative at m /e 530 indicate the molecular formula ysis of the UV-spectrum of the flavanone II, ob tained by cyclisation of T-l on acid treatment. On addition of A1C13 to a solution of this flavanone no bathochromic shift is observed, but there is an im portant bathochromic shift in the presence of NaOAc, a classical reagent showing a free OH-group at C-7 and a blocked OH (or none) at C-5. Further more, the flavanone II shows the same A Amax with NaOAc as does T-l. The structure thus deduced for T-l hence must be that shown by formula HI a. Hydrogenation of T-l in the presence of Pd/C yields the reduced substance which is identical with compound A, that was also isolated recently from the farina of a Pityrogramma species. This is ob viously the corresponding dihydrochalcone. The structural elucidation of this compound and some analogues are reported elsewhere [5] . The structure of A has been corroborated by synthesis of its mono methyl ether. Hence the identity of reduced T-l with natural A underlines the correctness of the structure elaborated for T-l.
T-2 shows M+ at m /e 402 and its TMSi-derivative at m /e 618, which leads to the molecular formu la C24H150 3(0 H )3. Its UV-spectrum is also charac teristic of a chalcone and the PMR spectrum again I indicates the fragment -CO-C H 2-C H -C6H5. However, one of the benzene rings in this compound must be /j-disubstituted (<5 = 7.97, 2 H and 7.67 ppm; J 8.5 Hz). The presence of a fragmentation ion at m /e 309 (M-C6H5-OH) allows location of the p-OH-group at the B-ring (typical fragmentation of chalcones and flavanones). This result is confirmed by the important bathochromic shift in UV observed on addition of NaOEt. /lmax i + 66 nm and increase of the band indicate a free OH-group at C-4'. Again, acid cyclisation of the chalcone T-2 yields a flava none, which as we argued for T-l demonstrates the presence of a free OH at C-7 of the flavanone, hence at C-4' of the chalcone. The structure of T-2 there fore corresponds to formula III b.
We are currently isolating a further farina con stituent from P. calomelanos, which according to its chromatographic behaviour appears to be the di hydrochalcone derivative corresponding to the chal cone derivative T-2, thus forming a second pair of products like T-l/A.
For T-3 the M+ at m /e 418 points to the presence of still one more OH-group on the same basic mole cule. Its UV-spectrum is also typical of a chalcone. The bathochromic shift of 22 nm on addition of N a0A c/H 3B 0 3 and the presence of the fragment m /e 309 indicate ortho-di-OH substitution at the fi ring. However, because of lack of material no detailed analysis, especially no PMR spectrum, could be done. Hence the structure of this compound can be assigned only tentatively as III c.
Our compounds T-l, T-2, and T-3 are composed of a chalcone molecule and of a dihydro-neoflavonoid molecule, linked via a benzene ring belong ing to both molecules (ring A of the chalcone). In other terms, they can be called 5,7-dihydroxy-8-cinnamoyl-4-phenyl-dihydrocoumarins (or 5,7-diOH-8-cinnamoyl-4-phenyl-2-H-1 -benzopyran-2-ones, cf [5] ). Their chromatographic and spectral behaviour, however, is dominated by the chalcone moiety. Therefore in our opinion they should be regarded as a novel class of natural flavonoids.
Three further compounds of this structural type were found as constituents of the farina of other Pityrogramma species. They are the dihydrochalcone A, the flavone B j, and the flavonol B2, correspond ing to compound T-l in substitution [5] . Compound A and its expected homologue (mentioned above as corresponding to T-2) shows a colour behaviour typical of some dihydrochalcones and many flavanones: after spraying with "Naturstoffreagenz A" on polyamide thin layer they show light-blue fluores cence on irradiation with longwave UV-light. This observation again leads us to place these new natural compounds into the flavonoids.
